ABSTRACT. During summer 1985, reduced feeding, reproductive failure and massive mortalities were observed in populations of the blue mussel Mytilus edulis during an extremely dense algal bloom (106 cells ml-l) in Narragansett Bay, Rhode Island (USA). The dominant alga was an extremely small (1 to 211m diameter) non-flagellated chrysophycean form previously unobserved in coastal or offshore waters. Effects of the alga on clearance rates of mussels were tested using natural particulates (NBP) collected from Narragansett Bay during the bloom. Reductions in clearance rate were independent of cell size and extra-cellular exudates of the bloom alga. Experiments repeated with the hard shell clam Mercenaria mercenaria produced similar clearance rate responses. In examining density-dependent effects, NBP concentrations below 2.5 X 10' particles ml-' allowed normal clearance of a food alga (Isochrysis galbana) and NBP, while significant reductions in the clearance of food algae were observed at NBP concentrations above 5.0 X 10' particles ml-l. In Narragansett Bay, NBP densities ~ncreased from 9 X 10' cells ml-' at seaward stations to above 15 X 105 cells ml-' in the upper bay. High mortality in indigenous mussels was coincident with peak bloom conditions, varylng from 30 to 100 YO at stations along the main axis of the bay. In addition, complete reproductive failure of the population was apparent. This effect could not otherwise be explained by environmental conditions of temperature, salinity or dissolved oxygen concentration. It is concluded that starvation stress induced by noxious properties of the bloom alga in combination with seasonal effects (reproductive stage, temperature) was the cause of the demise of M. edulis.
INTRODUCTION
Food availability is a critical environmental parameter controlling the metabolic maintenance, growth and reproduction of marine invertebrates (Gabbott 1976 , Newel1 & Branch 1980 . Several factors affecting the quality of food available to suspension feeding bivalves include seston concentration, algal concentration, and the size, shape and ingestibility of food particles (Mohlenberg & Riisgsrd 1978 , K i~r b o e et al. 1980 , Bass 1983 , Bncelj et al. 1984 . In addition, food material must be digestible and of adequate biochemical composition to meet nutritional requirements of the organism (Roman 1983) .
Differences in food quality of various phytoplankton species for bivalves have been examined extensively, mainly with application to their cultivation under controlled conditions (Davis & Guillard 1958 , Walne 1970 , Ukeles 1980 . From laboratory studies, it is clear that there are both beneficial and undesirable phytoplank-O Inter-Research/Printed In F. R. Germany ton species (Davis & Guillard 1958 , Davids 1964 , Wilson 1981 . The documentation of food quality effects on bivalves in the field is relatively rare. The most commonly cited examples of adverse food quality effects are those which occur as a result of 'red tide' blooms, in which toxins associated with certain dinoflagellate species may cause mass n~ortality in bivalve populations (Helm et al. 1974 , Tangen 1977 , Boalch 1979 . A variety of sub-lethal effects also have been observed, including shell-valve closure, reduced rates of particle clearance, lower metabolic rate, increased mucus production, reduced byssus production and erratic heart rates (Shumway et al. 1985) . In regard to observed reduction in clearance rates, one study attributes this effect to toxins within the cell rather than exudates produced by the cell (Widdows et al. 1979) .
During summer 1985, a previously undescribed 2.0 pm chrysophycean alga bloomed persistently in Narragansett Bay (Rhode Island, USA) at densities In excess of 1 X 106 cells ml-l. Ultrastructure and morphol-ogy of this new picoalga, Aureococcus anophagefferens, are described in detail by Sieburth et al. (1988) . The dynamics of the bloom, which peaked on 2 July and shifted to a multi-specific assemblage within 3 wk, is fully characterized in Sieburth et al. (1988) . During this bloom, casual observations of a reduction in feeding in laboratory-held Mytilus edulis were noted. The purpose of this study was 2-fold: (1) to investigate the apparent relation between reduced feeding in mussels and the Narragansett Bay picoplankton bloom (NBP); (2) to document the magnitude of this effect on natural populations in Narragansett Bay.
MATERIALS AND METHODS

Mussels
Mytilus edulis (45 to 55mm long, 0.73 + 0.25g dry tissue weight) and clams Mercenaria mercenaria of similar size were collected from a subtidal population in lower Narragansett Bay (71°24.0' W, 41°29.4'N) and held in Sargasso sea water overnight prior to experiments.
Feeding experiments were conducted at the US Environmental Protection Agency Environmental Research Laboratory-Narragansett (ERL-N) located on the shore of the west passage of lower Narragansett Bay (Bay Campus, Fig. l ) . In feeding experiments, (r)'Transplant' mussel stations (see 'Materials and Methods'); (m) natural mussel populations mussels and clams were fed various combinations and densities of NBP, a chrysophyte, and an inorganic clay particulate. NBP was collected freshly from the laboratory's water intake system prior to each experiment. The chrysophyte used was the alga Isochrysis galbana (clone T-iso), a common food source for bivalves (Ewart & Epifanio 1981) . This alga was cultured in 'f/2' nutrient medium (Guillard 1975 ) and harvested from log-phase cultures prior to feeding experiments. The larger diameter of I. galbana cells (5 to 7 pm) allowed the clearance rate of the food alga to be measured independently of NBP within a mixed diet. The inorganic particulate was a commercially available kaolin clay material (Minisil).
Sargasso sea water, adjusted to ambient bay salinity (30 ppt) with deionized water, was used in experiments requiring absence of bloom algae or exudates, as well as to dilute diets to desired concentrations. Bloomconditioned water without particulates was obtained by filtration of raw seawater using 0.45 pm pore diameter filters (Nuclepore). Concentration and size-frequency distribution of particles were measured using an electronic particle counter (Coulter Electronics) equipped with a 50 or 1 0 0~i m aperture and calibrated with known-sized polystyrene spheres. From this information, the volumes of the NBP, clay, and T-iso particles were found to be 10.2, 17.8, and 117.8 pm3, respectively.
Mussels were placed individually into 500ml rectangular exposure chambers (12 X 10 x 9cm) and acclimated to the experimental diet for 30 min prior to clearance rate measurements. Clearance rates (m1 min-l) were determined by differencein particle concentration between the beginning (Ci) and end (C,) of each feeding trial according to the formula of Coughlan (1969) Clearance rate = log,(Ci/Cf) X V/T,
where V = chamber volume; T = duration of feeding trial.
In all experiments, clearance rates of 5 mussels were measured during each feeding trial, and the mean ( + 1 standard deviation) response determined for the reporting of results. Three feeding trials (each lasting about 20 min) were conducted in sequence to elucidate any time-dependent interactions within treatments. In examining density-dependent NBP effects (Experiment 4) the results of 2 feeding trials for each treatment were averaged for data reporting. Significant differences between treatments were determined using analysis of variance ( p > F = 0.05), and the Duncan's multiple range test (Snedecor & Cochran 1980) .
In treatments using food algae, food concentrations were maintained within 1.5 to 10 X 104 cells ml-' (1.7 to 11.7 X 106 pm3 ml-l). The selected range is at the lower end of cell concentrations (1.7 to 93 X 106 ml-l)
where clearance rates of mussels are independent and maximal yet pseudofeces production is minimal (Tenore & Dunstan 1973 , Foster-Smith 1975 . The selected range at its upper end approximated the density of NBP at bloom concentrations (1 X 106 cells ml-l = 10.2 X 10"m3 ml-l). Particle size effects. Mussels were fed 2 diets of similar size, one consisting of NBP, the other of clay. An observation of reduced clearance of NBP relative to clay would demonstrate that factors other than particle size were causing a reduction in mussel clearance rates. Initial concentration of particulates for the 3 feeding trials of the clay treatment were (A) 15.8 f 1.4, (B) 10.5 + 3.5, (C) 9.1 i 3.7 X 106 pm3 ml-l. For feeding trials of the NBP treatment, initial concentrations were (A) 10.5 + 0.6,(B) 10.2 f 0 . 8 , ( C ) 9 . 9 + 0.9 x 106pm3 ml-l.
Dissolved exudate effects. Mussel clearance rates of food algae suspended in particle-free Sargasso sea water (SSW + T-iso) were compared with those of a diet of the food alga suspended in bay water collected during the bloom, but filtered to remove NBP (FNBW + T-iso). Initial food alga concentrations in the 3 feeding trials of the SSW + T-iso treatment were (A) 6.1 f 1.2, (B) 4.6 +-2.0, (C) 4.8 f 2.5 X 106 pm3 ml-l. In the NBW + T-iso treatment, initial food alga concentrations were (A) 6.4 + 0.8, (B) 8.3 + 2.4, (C) 9.3 + 3.7 x 106 p.m3 ml-l.
Two additional diets -NBP alone (NBP) and NBP with addition of food algae (NBP + T-iso) -were tested to confirm clearance rate reduction effects of NBP in samples of unfiltered bay water. In the NBP + T-iso treatment, initial food alga concentrations were (A) 7.3 i 0.7, (B) 11.7 + 1.3, ( C ) 9 . 5 i 2.1 X 106pm3ml-'.In the NBP treatment, initial concentrations were (A) 9.3 i 0.1,(B)9.1 + 0 . 7 , ( C ) 8 . 9 -t 0.9 X 106pm3ml-l.
Species-specific effects. Clearance rates of Mercenaria mercenaria in response to similar NBP diets were measured for comparison with mussels. M. mercenaria was selected for testing because of its role as a dominant and commercially important species in Narragansett Bay (Pratt 1953) . Treatments tested were (1) NBP alone (NBP), (2) NBP mixed with food algae (NBP + T-iso), (3) food algae in particle-free Sargasso sea water (SSW + T-iso). In the first treatment, initial NBP concentrations for the 3 feeding trials were (A) 10.9 f 0.8, (B) 9.6 + 1.2, (C) 7.8 + 0.8 x 106 pm3 ml-l.
In the second treatment (NBP + T-iso), initial food alga concentrations were (A) 9.7 + 0.7, (B) 6.2 + 2.1, (C) 3.7 f 1.9 X 106 pm3 ml-l. In the third treatment (SSW + Tiso), initial food alga concentrations were (A) 7.8 f 0.2, (B) 4.7 + 3.1, (C) 1.7 f 1.4 X 106 pm3 ml-'.
Density-dependent effects. Mussel clearance rates at different dietary concentrations of NBP were measured to determine whether a critical concentration existed above which feeding was reduced. Two types of diets were tested: (1) a series of concentrations, of NBP alone; (2) similar NBP densities added to a diet of food algae (NBP t T-iso). Mean concentration of food algae in these experiments was 7.2 + 1.2 X 1 0 7 1 m~ ml-l.
Field studies. The impact of the bloom on indigenous mussels was assessed at 7 stations along the main axis of Narragansett Bay (Fig. 1) . Three stations were sites of natural mussel beds (Stations3, 6 and 7); the others were sites of transplanted mussels (Phelps & Galloway 1980 , Phelps et al. 1987 .
Mortality within indigenous mussel beds was determined from 5 samples collected by either SCUBA diver or mussel dredge. Mortality was calculated as the ratio of live mussels to the total of live and moribund animals. Moribund individuals were discriminated from refractory shell material by the presence of intact shells with some tissue remaining. Mortality within transplanted mussels was determined as the percent living of the initial numbers per cage.
Additional environmental variables were monitored in surface (0.5m) and bottom (1.0m above bottom) waters of Stations 1, 3, 5, and 7 during the bloom. Temperature and salinity were measured with an inductive salinonleter. Whole water samples were collected with a 2 1 Niskin bottle. Samples for the determination of seston concentration were filtered immedlately through pre-tared 0.2 pm filters and frozen. Subsequently, the filter was rinsed with isotonic (2.4 %) ammonium formate to remove salts and dried for 24 h at 60 "C. Dissolved oxygen samples were fixed in 300 m1 glass bottles and the oxygen concentration determined by titration using the Winkler method (Strickland & Parsons 1972) . Particle concentrations in whole water samples were measured by electronic particle counter with a 50pm aperture (Coulter Electronics, Model TAII). The bloom's regional extent was determined by aerial surveys conducted in conjunction with the RI Department of Environmental Management.
RESULTS
Particle size effects
Mussel clearance of NBP and clay diets was used to test for effects independent of particle size. The 2 particle types had a similar size-frequency distribution ( Fig. 2A) , as most particles of both types were 2 to 2.5pm in diameter. Clearance rate responses replicated well for the 3 feeding trials within each treatment (Fig. 2B ). In the comparison between treatments, however, n~ussel clearance rates were 10-fold higher on average for the clay treatment than for the NBP treatment. 
Dissolved exudate effects
Mussel clearance rates were used to test for dissolved exudate effects of bloom-conditioned water. Replicate measures of clearance rates were similar within treatments for the different diets (Fig. 3 ) . Differences between treatments of Isochrysis galbana in nonbloom water (SSW + T-iso) and I, galbana in filtered Narragansett Bay water (FNBW + T-iso) were not apparent. In contrast, mussels reduced clearance rates on diets containing NBP, although clearance of food algae in the mixed diet (NBP + T-iso) was greater than that of NBP alone.
Species-specific effects
The above feeding experiments were repeated with clams for comparison with mussel responses. Clam clearance rates were similar among the 3 feeding trials for each treatment; significant differences in clam clearance rates were found among treatments, however (Fig. 4) . Highest clearance rates were observed for the NBP-free food alga diet (SSW + T-iso). In comparison, clearance rates of clams on the diet of NBP were reduced significantly. Feeding on food algae in the presence of NBP (NBP + T-iso) also was depressed when compared to that of food algae in particle free Sargasso sea water (SSW + T-iso). Results were similar to those obtained for Mytilus edulis in the second experiment (Fig. 3) .
Density-dependent effects
Mussels were exposed to increasing densities of NBP with and without a food alga present. For a diet of NBP alone, increasing densities up to about 10 % of the m SSW + T-iso bloom ( l X 105 cells ml-') resulted in increased mussel clearance rates (Fig. 5) . However, at higher NBP concentrations a trend of lowered feeding was apparent as clearance rates were reduced significantly at about ?OO/~ of the bloom concentration. Similar effects on mussel clearance rates were also observed in treatments where food algae was present (NBP + T-iso).
Concentrations of NBP below 2 . 5 X 105 cells ml-' did not appear to affect the clearance of food algae. Food alga clearance rates decreased markedly, however, when density of NBP was about 50 % of bloom concentration. At bloom concentrations, food alga clearance rates were only 30 "10 of the rate observed at low NBP densities.
m-. NBP
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Field observations
Environmental conditions at selected stations in Narragansett Bay were monitored during the bloom. Temperature declined slightly with greater proximity to offshore waters with the exception of Station? (Fig.  1, Table 1 ). This station was relatively shallow (4m) and near a small tidal river which may have flushed warmer water into the region. Salinity also decreased with proximity to the head of the estuary reflecting the fresh water inflow from the Providence river. Dissolved oxygen (DO) concentrations were similar at all stations with surface waters having higher saturation values (87 to 95 %) than bottom waters (65 to 86 %). Lowest DO was observed in the bottom waters of the upper-most station (5.1 mgl-').
Concentrations of NBP were in excess of 1 X 106 cells ml-' at almost all stations, and tended to be higher in the mid-bay region and in surface waters (Table l ) . Total suspended matter concentration measured at Station5 was 5.8 f 0.8 mgl-l. From aerial surveys conducted during the bloom, the 'brown tide' was visible as a dark brown discoloration of seawater. The bloom was found throughout Narragansett Bay as well a s into the south coastal regions of Rhode Island. Plankton samples taken from waters off the University of Rhode Island Narragansett Bay campus (Fig. 1) and examined by transmission electron microscopy revealed that Aureococcus anophagefferens accounted for greater than 95 % of the total algal population (Sieburth et al. 1988) . Inspection of mussels in mid-July revealed high mortalities in both indigenous and transplanted mussels ( Table 2 ). Mortality of indigenous mussels ranged from 30 to 100 % . The onset of mortality appeared to occur rapidly as the inspection of these populations 3 wk previously revealed no signs of significant mortality. Samples collected 2 wk later revealed complete mortality in the northernmost population, while few individuals survived a t Station 5.
Data from transplanted mussels during summers of 1984 and 1985 indicated a 2-fold increase in mortality during the pico-algal bloom of 1985 (Table2). While mortality in transplanted mussels during 1984 was 30 to 60 % , this effect on indigenous populations is normally offset by recruitment (Katz unpubl.). During the bloom year, however, recruitment was virtually non-existent, as evidenced by an absence of larval settlement on the buoys used for mussel deployments. This condition persisted until the fall of 1986, when some settlement was observed.
DISCUSSION
Pico-sized particles are a normal complement within the plankton a n d may often occur u p to densities of 1 X 105 cell ml-' (Sieburth et al. 1978 , Johnson & Sieburth 1982 , Davis et al. 1985 . Thus, the presence of picoplankton in a bivalve's diet would not b e anticipated to disrupt their nutrition. For example, Wright et al. (1982) found that Mytilus edulis cleared phytoplankton from a natural algal and bacterioplankton suspension at rates equivalent to those observed in the laboratory using only phytoplankton in the diet. In Narragansett Bay during summer 1985, however, onset Natural 100.0 + 0.0 of a picoplankton bloom was associated a t first with a reduction in feeding by mussels held within laboratory holding tanks and later with massive mortalities in indigenous populations. In thls study, experiments were conducted to test 4 possible hypotheses a s to the cause of mussel feeding reduction during NBP bloom. The first experiment addressed the hypothesis that feeding reduction effects of NBP were independent of particle size. Size-independent effects were confirmed when a depression in mussel clearance rates on a n NBP diet was observed relative to a clay diet of similar particle diameter and concentration. Observed rates of Isochrysis galbana clearance (30 to 50ml min-l, Figs, 2, 3 and 5) are typical for mussels, given their size, algal concentration and temperature (Tenore & Dunstan 1973 , FosterSmith 1975 . The lower rates of clay particle clearance (5 to 12ml min-l, Fig. l ) relative to I, galbana are attributed to the reduction in retention efficiency which occurs for particles smaller than 4 pm diameter (Jargensen 1949 , Vahl 1972 , Jerrgensen 1975 , Mohlenberg & Riisgdrd 1978 , Silvester & Sleigh 1984 . For 2pm diameter particles, the filtration apparatus is about 20 to 40 O/ O efficient (Vahl 1972 , Silvester & Sleigh 1984 .
The second experiment addressed the hypothesis that extra-cellular exudates of the bloom alga had caused the reduction in mussel feeding. Extra-cellular exudates of several algal species are known to reduce feeding in bivalves and include species of Chlorella, Stjchococcus, Pryrnnesiurn and Olisthodiscus (Davis & Guillard 1958 , Davids 1964 , Wilson 1981 . Given such high bloom densities, the release of even small amounts of inhibiting substances by individual cells could have sufficiently conditioned Bay waters to result in a feeding reduction effect. Results, however, indicate that substances dissolved in bloom water had no effect on clearance rates. In contrast, direct exposure to the particulates contained in the same water sample did cause feeding rate reductions. Considerable differences exist in the feeding ecology of various bivalve species. For example, Mytilus edulis and Mercenaria mercenana have different feeding strategies for controkng ingestion when fed high ration diets. In Wl. mercenana, ingestion is controlled by reducing clearance rate (Bricelj & Malouf 1984) , whereas M. edulis maintains clearance rate but increases pseudofeces production (Foster-Smith 1975) .
Thus, a third experiment addressed the hypothesis that mussels were especially sensitive to NBP exposure because of factors related to the feeding ecology of this particular species, and consequently, other bivalve filter feeders may not have been similarly affected.
In comparing the responbes of mussels and clams to diets with and without the presence of NBP, the presence of NBP caused a similar reduction in feeding of both species. The removal of NBP was minimal, while the observed clearance of the food algae without the presence of NBP was comparable to that observed in other uni-algal feeding studies with Mercenaria mercenaria . In addition, the presence of NBP reduced the clearance of food algae by clams as had been found for mussels.
The effects of NBP on clams cannot be explained by high ration. Bncelj & Malouf (1984) added 5 m g l -' of sediment to a 5 X 104 cells ml-' diet of the 4 pm diameter chrysophycean alga Pseudoisochrysis paradoxa and found no effect on clam clearance rates with the increase in ration. In the present study, NBP represented a similar increase in ration (5.8 mg 1-'), and a morphologically similar food alga was fed at equivalent concentrations. These observations of similar feeding reduction in both mussels and clams indicate that the effects of NBP are not species-specific.
The fourth experiment addressed the hypothesis that the effects of NBP were density-dependent. These data were deemed important in predicting the spatial and temporal scales of NBP effects on the nutrition of mussels in Narragansett Bay. The clearance of NBP was affected at about 1 to 7 X 105 particles ml-' (Fig. 5) . Clearance of the food alga was reduced between about 2.5 to 5 X 105 NBP cells ml-l. No effect of NBP was apparent at NBP densities below 2.5 X 105 cells ml-l, since the rates were comparable to those observed i.n other mussel feeding studies using only the food alga and mussels of similar size (Tenore & Dunstan 1973 , Foster-Smith 1975 , Riisgdrd & Randlov 1981 . Reductions in clearance observed at NBP concentrations above 5 X 105 cells ml-' cannot be attributed to satiation effects, since mussel clearance rates W-ould normally remain constant and optimal at cell concentrations 10-fold greater than those tested in this study (Foster-Smith 1975 , Schulte 1975 , Winter 1978 .
Because laboratory feeding experiments were performed during the height of the bloom using bloom particulates, physiological responses observed on mussels in the laboratory were indicative of effects occuring within indigenous populations of Narragansett Bay. Although aerial surveys confirmed the regional extent of a 'brown tide' bloom, picoplankton species composition was determined only in samples taken at the Bay campus (Sieburth et al. 1988) . We believe that the composition throughout these waters was similar, and that the dominant species in lower Narragansett Bay, Aureococcus anophagefferens, had played a major role in the observed effects. However, other organisms present in lesser abundance or more dominating in other areas of the Bay could have had an effect on bivalve feeding. Total suspended matter concentrations measured during the bloom were typical for Narragansett Bay (Oviatt & Nixon 1975) , such that adverse effects on mussel feeding due to high seston would not be expected. In addition, environmental conditions were within the tolerance Limits of Mytilus edulis (Seed 1976) .
Based on the results of this study, it was apparent that the mussel's reproductive activity was synchronized with a period of enhanced primary production. Although such behavior is common and considered advantageous (Newell et al. 1982 , Gabbott 1983 , Nelson 1987 , the observed reproductive failure and mortality in Narragansett Bay mussels was probably exacerbated by the bloom's occurence during active gametogenesis. Given the lack of feeding and seasonally high temperatures the regression and resorption of previously-formed gametes probably occurred (Bayne et al. 1978) . This process would subsequently cause reduced viability of eggs and larvae (Bayne et al. 1975 , Bayne & Worral 1980 . Further, the bulk of stored energy in the adult would have been committed to continuing reproductive development (Gabbott & Bayne 1973 , Holland & Spencer 1973 , Thompson et al. 1974 , Bayne 1975 , Sastry 1980 , even during complete food deprivation (Bayne et al. 1978) . Eventually, the gill and mantle structures required for the intake of food and oxygen degenerate (Pipe 1985) . As a result, effects on mussels surviving the NBP bloom may have lasted long after the bloom had subsided below feeding reduction densities.
Mortality induced by NBP was not observed in Narragansett Bay in 1986, but apparently did occur in embayments on Long Island to such an extent that serious ecological and economic damage in the shellfisheries was reported (Pollack 1985 , Knudson 1986 , Bricelj et al. 1987 . Impacts of the NBP bloom in Narragansett Bay continue, partly because of reproductive failure of n~ussels during the bloom summer, but primarily because the massive mortalities caused a loss of spawning stock which is required for recruitment in subsequent years.
Previous to these recent events, environmental impacts of pico-sized algal blooms were noted in the decline of the oyster fishery in Moriches and Great South Bay on Long Island in the 1950's concurrent with a shift in phytoplankton towards seasonal dominance of Nannochloris atomus and Nannochloropsis salina (Ryther 1954) . This historical event would appear closely related, but in that instance, the effects were probably not related to direct feeding inhibition, but to size limitations and the digestibility of these specles (Bass 1983 .
Effects caused by NBP bear a greater resemblance to those of red tides, where the mortality of fish and shellfish has been attributed to toxins associated with dinoflagellates (Abbott et al. 1975 , Widdows et al. 1979 . In this study, however, bacterial-sized particles were responsible, and the plant toxins were apparently not released into the water. Thus, release of toxins would have had to occur on contact with gill cilia or in the gut. The possibility of exo-cellular effects was suggested by transmission electron micrographs of Aureococcus anophagefferens, which revealed a polysaccharide-like mucus coating on its cell surface (Sieburth et al. 1988 ). This material may have clogged the feeding apparatus or contained an irritant or toxicant to which mussels and other filter-feeders are sensitized. This mechanism was suggested by Pieters et al. (1980) , who observed reproductive failure of Mytilus edulis during a bloom of Phaeocystis poucheti, an alga which produced copious quantities of a 'glutinous' material.
Although the principal cause for the bloom's occurrence in Narragansett Bay is unclear, one factor contributing to its persistence may have been an inability of major consumers in the environment to remove NBP from suspension. Usually, algal bloon~s serve as an important food resource and therefore may be controlled by grazing activity of planktonic and/or benthic filter-feeders (Cloern 1982 , Officer et al. 1982 . In Narragansett Bay, typical summertime phytoplankton blooms consist of flagellates and diatoms in the 4 to 2011m range (Durbin et al. 1974 , Karentz & Smayda 1984 . During the NBP bloom, however, composition of the phytoplankton was dominated by a pico-sized alga of poor food quality. As a result, lack of grazing may have allowed the bloom to intensify beyond normal limits, with catastrophic consequences.
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